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IWO-DIMENSIONAL WIND-TUNNEL INVESTIGATION
OF A 10.7-PERCENT~THICK SYMMETRICAL TATI. SECTION WITHE
A 0.40 ATRFOIL-CHORD CONTROL SURFACE AND
A 0.20 CONTROL-SURFACE-CEHORD TAB -

By Albert L. Braslow
SIMMARY .

An investigation was made of g 10. 7-percen'b—thicL svme'brical
tall section equipned with a flat-side 0.40 eirfoil-chord f lap
having a 0.333 flap-chord overhang and a plain 0.20 flap-chord tab.
Adrfoil 11f%, dreg, pliching-moment, and flap and tab hinge-moment
characteristics were determined at various flap and tab deflections
with the control-surface nose gaps sealed and unsealed.

The resulis of the tests indlicated that sealing the tad nose
{8p gemerally increased the flap 1lift effechtiveness and the tab
hinge-moment effectivensss. Sealing the flap nose gap increased the
rete of chenge of section 1lift coefficient with both section angle
of attaci o, and flap deflectlon Bp; negatively increased the
rate of change of flap section hinge-moment coefficient Chy With
both o and Bf at a O° angle of attack and Fflap d.eflection ’
eliminated sharp lrregulerities in the varia'blon of cpe with o,

and greatly reduced all but the minimm values of sgsction drag
coefficlent et all flap deflections tested. When the flap was
deflected beyond the angle at which the flap leading edge unvorted
from the airfoil contour, sudden decreases of 1ift and large increases
of flap and tab hinge moments occurred throusgh e limited range of
angle of attack. The effectiveness of the +ab in reducling the flap
hings morments was largs up to a tab deflection of 10° but decreased
eprreciably at larger deflections of the tab.
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INTRODUCTION

Flight tests of conventlonal symmetrical tall surfaces made by
the Douglas Alrcrait Company, Inc., indicated that flat—slds
elevators and rudders were less subJect to alr-flow conditlions
causing undesirable control-surface oscllletions then were control
gurfaces of true-airfoil contour (reference 1). In order to
determine other aerodynamic characteristics of a tall sectlion
equipped with a Pflat-side control surface, an investigation was made
of a two-dlmensional model in the langley two—dlmensional low-
turbnlencs pressure tunnel.

The model was equipped with a LO-percent-airfoil—chord flap
designed for use as a rudder or an elovator and having a 20-percent
flap-chord tab. The tests includsd the dstermination of alirfoll
section 1ift, dreg, and pitching momesnis, and flap and tab hinge
monente for configurations wilth the flap and tab nose gaps both
sealed and unsealed.

COEFFICIENTS AND SYMBOIS

oy section 1ift coefficient (1/qc)

Loy increment of ¢3 due to flap deflection

¢3. . section drag coefficient (&/qc)

cmc/h section pitching-moment coefficient about quarter-chord
point (m/qc?)

Che flap section hinge-moment coefficient (hf/q0f2)

Ch, tab section hinge-moment coefficieﬁt (hy/q0+°)

where

1 11ft per unit span

d drag per unit span
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n quarter-chord pitching moment per unit spen

he flap hinge moment per unit span; positive when trailing
edge of flap tends to deflect downward

ht teb hinge moment per unit span; positive when 'trailing
edge of teb tends +to deflect downward
c chord of airfoll with hoth control _surfaces neutral
Ce chord of flap behind flap hinge axis
Cy, chord of tab behind -tab hinge axis ' S
a free-stream dynamic pressure (%p\ﬁ)
v free-gtream velocity
7o) free-stream density
and
T section angle of attack
Sf flap deflection with respect to airfoils positive when
trailing edge 1s deflecited downward
By, tab deflection with respect to flap; positive when
: tralling edge is deflected downward
¢y chord of overhang belence from flap hinge axis to balance
leading edge
R Reynolds number
dey >
c =
2
o Ao Bos By
3
c =k .
. 38
%o B¢
- [3%
aﬁf - (a'éf
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achi> -
C =
hf 5(1,0 B, By

o -
<§8;> measured at_ &y = 0 and chf =
ahf, ' v

Gh )
ba °8ps By

(? ;) measured at cy = 0, B8 =0, and 5t = 0°

Cz, St -
Y .74

The subscripts following the partial defivafives denote the
variebles held constant when the partisl derivatives are btaken.
The derivatives are obtained at o = 09, &, = 09, end ' &y = 0O

except as noted.

Bes By
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MODEL

The profile of the sirfoll tested was formed by modifying an
RACA 0012 airfoil in such a mamner as to provide flat—slde control
surfaces behind the hinge axes. A sketch and photograph of the model
are presented as figures 1 ard 2. The mcdification to the NACA 0012
profile consisted of extending the alrfoil ohord 12 percent and
drawing straight lines from the extended traliling edge tangent to
the alrfoil surfaces. Extension of the airfoll chord effectively
reduced the maximum thickness of the alrfoll to 0.107c¢c and moved the
position of maximum thickness forward to approximately 0.27¢ behlnd
the airfoll leadlng edge. Ordinates for the airfoll are given in
teble I. The flap of 0.40¢ had an overhang type of aerodynsmic balance
of 0.333cy and was equipped with & plain 0.20cpy teb. The ordinates

for the flap nose shape are given 1n teble ITI.

The model had & 2Lh—inch chord and was constructéd of laminated
mahogany with the exception of the tab, which was constructed of
dural. The model surfaces were sanded with No. 400 carborundum
paper to aerodynemic smoothness. Thin rubber "curtains" and modeling
clay wero used to seal the flap gap and the tab gap, respeotively.

APPARATUS AND TESTS

The model was mounted horizomtally in the 3~foot by 7%-foot

test section of the ILangley two-dimensional low-turbulence pressure
tunnel. A mancmeter arrengement, which integrated the pressures
along the floor and ceiling of the tunnel test section, was used

to measure 1lift, and the wake survey method was used to measure drag.
Airfoil pitching moments were meassured with a torgque—tube balance,
and control-surface hinge moments were measured wilth electrical
resistence strain gages..

Tests of the model were mede at & Reynolds mumber of 6 x 106
and a Mech number of not greater than 0.11, Alrfoil 1ift, drag, and
pitching moments and flap and tab hinge moments were measured through
a8 range of flap and tab deflection. The model wae tested with the
flap end teb gaps sealed snd unsealed in the following combingtions:
(1) flap gap and tab gap unsealed; (2) flap gap unsealed, tad gap
sealed; (3) flap gep sealsd, teb gap unsealed, Tab hinge moments
were not obtained with the tab gap sealed because of the large friction
of a tab seal. Airfoll 1ift and control-surface hinge moments wers
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measured at a Reynolds nunber of 2.5 X 106 as well ag 6 X 106 for
the neutral position of the flan and teb with both gaps unsealed.

The Mach nurber at Reynolds numbers of 2.5 X lO° and 6 X 106 wad
esgsentially the same.

GQRRECTIONS AND ACCURACY-O? MEASURMHEMRS

The following foctors were used to oorrect the twmmel data to
free-alr conditions:

cy = 0.97801'
°a = 09934’

Cagp, 7 099%om, ! .
Ong = 0-9930y !

cht = O.993cht‘

gg = 1.015aq,"

wherse the primed quantities represgent Lhe values measured in the
tunnel (reference 2). An additional correction to ‘the moment
coefficients duo to & distortion of the pressurs distribution over
the airfoll caused by the tunnel boundaries wss not appllicd inasmuch
ag thoe exact shape of the additional loading due to this distortion
is not known. Approximate calculations, howover, indicate thet the
additional coerrection to the values of the moment coofficlonte are _
probably In the order of 0.0ohcz', 0.005¢c;t, and 0.00201" for the

va%ues of cmc/h’ °hf! and\ cht’ respectively.

From a considoration of the test oquipment-and the scattor -of
chuck rune, the precision of the data 18 oelimabod to bo as Followa!
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At moderate velues of cy At values of ¢; near staell
and low flap deflisctions .

W +0.050 : +0.05°
61 . £.005 | +.015
oa +.0001 +,0005
°my /h +.001 £.005
Che and oht +.001 +.005

RESULTS AND DISCUSSION

Lifs

A summary of the 1lift parameters ¢y czaf, and oy is
o« Ky

presente& in table IIT for each of the nose gep conditions tested.
The basic sectlion 1lift data for various deflections of the flap and
teb and for the control-surface gaps sealed and unsealed are presented

in filgure 3.
Sealing the tab gep increased the rate of change of section
11t coefficient c¢; with flap deflection & from 0.066 to 0,070

and had no effect on the rate of change of section 1ift coefficient
wlth section angls of attack. As g result, the flap effectiveness
parameter ug, increased from 0.70 to 0.Th. With the tab gep open,

sealing the flap gap increaged 025 from 0.0656 to 0.072 but a
£ . .
corresponding increase in Cq from 0.095 to 0.104 prevented any
[« A .

appreciableé change in the 'effectiveness . parameter. The prihqipal

benefit resulting from sealing the flep gap, therefors, is an increase '

in the control-fixed stabllity caused by the lincrease In o¢y .
' 24

In order to show the effect on 1lift effectiveness of :ilep
deflection and flep gap at high flap deflections, the increment of
section 1ift coefficient Acj; due to flep defleoctlon is glotted
against ®, in flgure % at sectlon angles of attack of 0°, +2°,
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+60, and 410°, The flap effectiveness decreases as a result of
alr-flow separation over the flep at sedtion angles of attack
greater than approximately 2° when the flap deflection is equal to

or greater than 20°, the angle at which the flap leading edge unports.
Such a flight condition in which the angle of attack and control-
surface deflection may be of like sign might occur, for example,

for a vertical tall section during flight with asymmetric power

Less serlous losses of 1ift due to unporting of the flap leedling edge
occur when the section angle of attack is increased in oppositlon to
the flap deflection. Thies combination of control-surface deflection
in opposition to the angle of attack would perhaps cccur for an
elovator during landing or for a rudder durling sideslip.

A comparison of figures 4(a) and 4(b) shows that sealing the
flap gap reduces the values of Ac; at positive sectlon angles of

atteck throughout the complete range of flap deflection tested. At
negative seotlon angles of attack the values of £ey  Were

generally grester with the flap sealed than with the flap unsealed
except at a flap deflection of 30° in which case the values of Acz

were greater for the flep unsealed at section angles of attack of
~6° and -10°,

A normal scale effect on the lift characteristics of the airfoll
with both control surfaces neugral and unsegled results from a change
in Reynolds nuiber from 6 X 10° to 2,5 X 10° as shown in figure 5.

Hings Moments

Flap and teb section hinge-moment coeffloients are plotted
against alrfoll sectlon angle of atteck «, for various defleotlons

of the flap and teb in figures 6 and 7, respectively. Large increases
of flap and tab hings moment occurred through a limited range of angls
of atteck when the flap was deflected beyond the engle at which

the flap leading edge unported fram the alrfoll contowr, A summary o
values of lmportant hinge-mcment parameters is given in table III.

Sharp irregularities in the variatlon of °hf with «, occurred

at a zeroc flap deflection with the flap gap open (figs. 6(a), 6(b),
and 6(e)). Subsequent tuft observations showed that the ilrregu—
larities were caused by a rapld thickening of the boundary layer

over one surface of the flep when a flow of alr 1s induced through
the flap gep as the angle of attack 1s changed., With both control
surfaces neutral the dsymmetry in the angle of attuck at whiloh these
irreguleritles occur is probably caused by the alr flow through the
flap gep at low angles of attack. Sealing the flap gap eliminates the
irregularities in the hinge-moment characteristics as shown in

Tigure 6(g).
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Seeling the flap gap or the tab gap negatlvely increases the
values of Ohg, s chfbf’ Oh'bu and °ht§f' (See table III and

3

figs. 6 and 7.) The values of Chy 8iven in table III for the flap
[

gap unsealed wers measured at & section angle of attack of 0° and
may be questiomable beosuse of the Jogs in the hinge-moment ourves.
The results of previous investigations of conventlonal alrfolls,
however, have also indiceted a tendency for the values of the hinge-
mment parameters cn, &and oy to beocme more negative as the

control-surface gap is decreased (reference 3). The data of
figures 6(a) and 6(g) show that at modsrate angles of attack, however,
the rate of change of onp Wwith oo 18 less negative for the flap

gep seeled than for the flap gap unsealed.

A meesure of the effectiveness of the tab in reducing flap hinge
momsnts s the rote of chenge of flap deflection with the teb
deflection required to balance the imcrement of flap hinge moment
ceused by the flap deflection et a constant angle of attack. This
parameter bea indicates that the amaller the teb-dsflection required

to balance the inoremsnt of ope due to a glven flap deflection, the
freater is the tab hinge-moment effectivensss. Curves of the flap
deflection against the tab deflection required to meintaln a flap
Sectlion hinge-moment coefficient of O are plotted in figure 8 at
mngles of attack ranging from ~8° to 8° for the flap and tab gaps
unsesled. In addition, the varilations of &y with Oy throughse

range of angls of attack from O° to 8° are plotted for the tab-gap-
sealed coendition. The curves of figure 8 were obtained by interpolation
and extrapolation of the basic flap hinge-momsnt data presented in

*

The valus-of. Bpy at-a section angle of attack of 0° for both

- -comtrol-surface gaps ug.see.led 1s equal to.1.83 for tab deflections
between 0° and —10°, The teb hinge-moment effectiveness at positive
flap deflections. 1s greater for negative than for positive angles of
attack a8 shown in figure 8 and is caused by & greater tendency for
the sir flow to separate over the upper surface of the flap at positive
angles of attack. The tab hinge-moment effectlveness decreases
apprecisbly at tab deflections greaster than--10° for all angles.of
attack for which date are avallable. Sealing the taeb gap lncreases
the rate of change of 8, with 8, an average of .1k percent at
angles of attack from 0° to 8°. The effect of the flap gap on the tab
hinge~moment effectivenecss was not determined.

The effect of & changs in Reynolds pumber from 6.0 X 106 to
2.5 X 106 on the flap end tab hinge-moment charecteristics is shown .
in figure 9 for both control surfaces neutral and unsealed. :
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Pltching Momesnts

Section pitching-moment coefficlents are plotted ageinst
gsection 1ift coefficlients in figure 10 for both control gaps
unsealed and for the flap gap sealed with the tab gap unsealed.
Sealing the flap gap had no appreciable effect on-the valus of C'mﬁf

(table III) or on the value of c es cai be seen from & comparison

st}
of figures 10(a) and 10{c).

 Drag .

Drag characteristics of the airfoll.with the control-surface
geps sealed and unsealed axe presented in figure 11 for various
deflections of the-flap end tab. When a flow of alr through the flap
gep was induced at small engles of ettack, a large increase ln sectlon
drag coefficlent occurred (fig. 11{a)). Wiih bYoth control surfeces
neutral, the sudden increases in drag were asyumetrical about zero
1ift but corresponded to the engles of attack at which the irregulerities
in the flap section hinge-moment coefficicnts occurred. When the flow
of alr, through the flap gep was eliminated with a secal, the section
drag coefficlonts wore symmetrical about zero 1lift for the neutral
position of both control surfaces and a leryge docreaso in all but the
minimm velues of ¢y was obtalnod at aell the flap defloctlons-tosted.

The value of the minimum section drag cocfficlont for both control
surfacos neutral was 0.0071 for the flap gap unsealed and remained the
same for tho flap gap sealed. Soaling the tab gap genorally decreascd
the soection drag coefficlents slightly, although a largoe Incroase in
drag was 8tlll caused by tho alr flow through the flop gap.

SUMMARY OF RESULTS

The following results were obtalned from the two-dimensional
wind-tunnel investigation of a 10.7-percent-thlick syrmetrical tall
section equipped with a 0.40¢ flap having a O. 333cy overhang and
a 0. 2ch tab.

1. Sealing the tab nose gap rrenerally increased the flap 1ift
effectiveness and tab hinge-moment effectiveness.

2. Sealing the flap zap
(a) increesed the rate of change of section

11f% coofficient with both scction sngle of attack gy
and flap deflection 6f
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(b) negatively increased the rate of changs of flap
gectlion hinge-moment coefficient On, Wwith both ap and S¢

at a 0° angle of attack and Tflap deflection

{c) eliminated sharp irregularities in the variation
of cnp Wwith ap

(d) greatly reduced all but the minimum values of section
drag ooefficient at’ all flap deflections tested.

3. Sudden decreases of lift and large Increases of flap and teb
hinge moment occuryed through a limited range of angle of attack when
the flap was deflectsd beyond the angle at which the flap leading
edge unported from the airfoll contour,

4, The effectivensss of the tab in reducing flap hinge moments
was large up to a tab defleotion of 10° but decreased appreciadbly at
larger deflections of the tab.

Langley Memorial Aeronautical Ieboratory
Natlonal Advisory Commltitee for Aeronautics
Langley Field, Va., December 20, 1946
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ORDINATES FOR 10.7-PERCENT-THICK TAIL SECTION

(Statlons and ordlnates giv en in

pnrnnnf of airfoll chordl

[ AL 1w ) 8§ S e

-éymmetrical sectién
Station Ordinate
1.116 %.6%1
2.232 .3
b L6l 5.17
6.700 3,750
8.9%0 [.181
13.280 | b
L{.00U Dele
22,320 5.50ﬁ
26.780 54359
. (10 101
ﬁa.guo 3.726
55.570 L.0Th
straight taper
. 100,000
‘L.E. redius:  1.410

TABLE IT
ORDINATES FOR FLAP NOSE SHAPE

(Stations and ordinates given

in nercent of movable

Lol LEN AL ALl

surface length measured
from overhang L.E. to
airfoil T.E.]

Symmetrical shape

Station Ordinate
1.25 5.6l
2,50 %.9&
5.00 .37
7.50 713

10.00 742
15.00 k2
<0.00 {.0L
100.00 0

L.BE, radius: 5.3

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

‘ON NI VOVN

g82eTl

€1



TABIE LIl
SECTION PARWMETEKS MEASTURED 4T 0 = 0°, 8p = 0°, AND B8y = 0°
iExeept as noted]
Oy “m,
Contrel-surface | ¢ ey ag Cp c % Ch ¢h ey
nose gap ‘a or f g hfbf (1) ta %, b0 (2)
Flap unsealed - -0.00 -0.0001 | -0.00 -0.000 ~0.0091
Tab unsealed 0.095 | 0.066 |0.70 | ~0.0030 | =0.0043 | 1.83 0 89 Q00 09
Plap wsealed | el ol on | _ amtal —amtal 209 Voommoooo b
Teb sealed .095 | .070 | .74 —-OOQO -.00L8 I B
Flap sealed )
Tab unsesled 104 | .072 | B9 | -.00L45 | -.0050 | ~emm-e- -.0018 | mmmeem ~.0019 | -.0091
! weasured at a, = 0° and cp. = O,  NATIONAL ADVISORY
o COMMITTEE FOR AERONAUTICS
2 HMeasured st e = 0, gf = 0°, and oy = o°.

i i
1 |]| il .!

¥

8727 "ON NI VOVN




{,f” Alrfoil chord line 3

b =0.333ce ey = 0.li0c

et = 0.20ce

e T Hinge points ——

Tab gep = 0.004c
Flap gap = 0,003%¢

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS

Figure 1.~ Sketch of 2li-Inch-ochord 10.7-percent-thick symmetrical tall sedtlon.

8821 'ON NI VOVN

oL

181
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Figure 2.- Photograph of 10.7-percent-thick symmetrical tail section with a
0.40c flap having a 0.333cy overhang and a 0.20cy tab, &5 = 20°, 6y = -200.
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